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(54) MICROWAVE BAKING FURNACE AND METHOD OF MICROWAVE BAKING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a microwave baking furnace 
and a method of microwave baking capable of controlling the density of 
oxygen in the microwave baking furnace and controlling burning of 
carbon and carbide caused by an organic binder, effective in reducing 
the degreasing process for removing the organic binder from the baked 
substance. 

SOLUTION: The microwave baking fumace comprises microwave 
heating means 8 and 9 and a fumace chamber 4 for storing the baked 
substance 3 including the organic binder. A carrier gas. which includes 
oxygen and whose oxygen density is lower than air, is Introduced from 
a carrier gas introducing pipe 14 for inhibiting burning of the organic 
binder of the baked substance 3. 
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CLAIMS 



[Claini(s)] 

[Claim 1] The microwave firing furnace with which it is the microwave firing furnace equipped with the furnace room in which the 
calcinated object which is equipped with a microwave heating means and contains an organic binder is held, and an oxygen density is 
characterized by having carrier gas installation tubing which introduces the carrier gas which controls combustion of a ♦♦♦♦♦♦ organic 
binder low rather than air while oxygen is included. 

[Claim 2] The microwave firing furnace characterized by establishing a gas supply means by which an oxygen density supplies the 
carrier gas which controls combustion of a organic binder low to carrier gas installation tubing rather than air in claim 1 while 

oxygen is included. 

[Claim 3] The microwave firing furnace characterized by setting to claim 1 or claim 2, and forming a heating means to heat said 
carrier gas in the temperature region where said organic binder is disassembled or removed at least. 

[Claim 4] The microwave firing furnace characterized by establishing a heating means to heat said carrier gas in any 1 term of claim 1 
- claim 3 before said carrier gas contacts the calcinated object of said furnace interior of a room. 

[Claim 5] It is the microwave firing furnace characterized by setting up the oxygen density of said carrier gas to 2% - 16% by the 
volume ratio in any 1 term of claim 1 - claim 4. ' 

[Claim 6] The microwave firing furnace characterized by establishing the control means which controls the oxygen density of said 
carrier gas to adjustable in any 1 term of claim 1 - claim 5. 

[Claim 7] It is the microwave firing furnace characterized by serving as the burner introduced to said furnace interior of a room while 
said carrier gas installation tubing bums said carrier gas in any 1 term of claim 1 - claim 6. 

[Claim 8] The microwave baking approach which is characterized by an oxygen density introducing carrier gas lower than air into said 
fiimace interior of a room while oxygen is included in the temperature region which performs combustion or removal of said organic 
binder at least in holding the calcinated object containing an organic binder in the furnace interior of a room of a microwave firing 
furnace, and calcinating. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the microwave firing furnace and the microwave baking approach of irradiating 

microwave at calcinated objects, such as a ceramic ingredient containing an organic binder. 

[0002] 

[Description of the Prior Art] The baking approach of the calcinated object containing an organic binder has the cleaning process 
which removes the organic binder contained in the calcinated object, and the baking process which makes a calcinated object heat and 
sinter at an elevated temperature after that one by one in connection with a temperature up. Carrier gas is for conveying the 
gasification object of the organic binder generated from a calcinated object etc., is required for the cleaning process which removes an 
organic binder from a calcinated object, and, generally is not needed at the sintering process which is degree process. 
[0003] By the way, as usual ceramic ingredients, such as tableware and a tile, in order to raise a moldability, clay is used. Moreover, 
with ceramic ingredients, such as fine ceramics which give high efficiency to a calcinated object, in order to raise a moldability, 
instead of clay, an organic binder is used in many cases. In this case, generally the organic binder contained in the calcinated object is 
disassembled into carbon, carbide, and a gasification object with heating. Although carbide remains inside the base of a calcinated 
object, when a gasification object once volatilizes, and bums and a part with the low temperature of a calcinated object exists, it has a 
possibility that some gasification objects may solidify on the front face of a calcinated object. 

[0004] Carbon and carbide which rem£iined in the matter solidified on the front face of a calcinated object and a calcinated object bum, 
and a debinder, i.e., cleaning, is completed as burning temperature rises. It is said that disassembly of an organic binder begins from 
about 170 degrees C, and is generally mostly completed at about 450 degrees C. Generally, combustion of carbide begins from about 
450 degrees C, and is mostly completed at about 600 degrees C. 

[0005] The above-mentioned organic binder is easy to generate the following faults, in order to decompose into carbon, carbide, and a . 
gasification object with heating, although a moldability can be raised. 

[0006] 1. The gas which the organic binder decomposed and generated bums. In this case, the temperature of the part which burned 
may rise locally, the temperature gradient in a calcinated object may become large, and faults, such as a crack and deformation, may 
occur in a calcinated object. 

[0007] 2. It may solidify on the front face of a calcinated object, this may become a factor, and faults, such as a crack and deformation, 
may generate the gas which the organic binder decomposed and generated in a calcinated object. 

[0008] 3. Carbon and carbide which remained inside the base of a calcinated object bum, the temperature of the part which burned 
rises locally, the temperature gradient in a calcinated object becomes large, and a crack and deformation occur in a calcinated object. 
[0009] The following cure is mentioned as a cure to the above-mentioned fault. 

[0010] 1. In the microwave heating which generally irradiates microwave at a calcinated object, there is an inclination for the 
temperature inside a calcinated object to tend to rise compared with the peripheral face of a calcinated object, as compared with other 
heating methods. For this reason, the absorption coefficient of microwave is equivalent to a calcinated object, or makes quality of 
refractory material which holds a calcinated object among the fumace walls which form a furnace room and which constitutes a wall 
most the bigger quality of refractory material than a calcinated object. This heats the front face of a calcinated object using ***♦♦* 
from the quality of refractory material which holds a calcinated object and which constitutes a wall most, and the approach of reducing 
the temperature gradient of the interior of a calcinated object and a front face is adopted. 

[001 1] However, in the total -temperature region which removes an organic binder only as this cure, it is difficult to abolish the 
temperature gradient of a calcinated object completely. 

[0012] 2. By the policy which introduces carrier gas into the fumace room of a firing fumace, since the part which is easy to contact 
carrier gas among the calcinated objects of the fumace interior of a room is cooled, the temperature gradient of a calcinated object will 
become large. For this reason, the approach of introducing in a fumace the carrier gas heated to the same extent as the temperature of 
the frimace interior of a room is taken. By this approach, since the gas which the organic binder decomposed can be conveyed outside 
a fumace with carrier gas, the fault which the gas which the organic binder decomposed solidifies on the front face of a calcinated 
object is solvable. However, combustion of the part which air tends to contact among calcinated objects as carrier gas gas is air 
(oxygen density: volume ratio about 21%) will be promoted. For this reason, there is fault to which die temperature gradient of the 
interior of a calcinated object and a front face becomes large. 

[001 3] Furthermore, when carrier gas is inert gas, such as nitrogen gas, it becomes inadequate buming [ of the carbon or carbide which 
remain in a calcinated object ], and removal by combustion of carbon or carbide becomes difficult. For this reason, in the sintering 
process which is a back process of the removal process (it is called a cleaning process) of an organic binder, carbon and carbide bum, 
a rapid temperature rise occurs, and there are a deal of possibilities that the temperature control in the baking process which is an 
important process may fully become impossible, and may become the crack of a calcinated object and the factor of deformation. 
[0014] In order to cancel the above fault, at the cleaning process which removes an organic binder from a sintered object, it is 
indispensable to carry out a temperature up slowly, and as a result, the advantage using a microwave oven with an early programming 
rate will not necessarily be able to be demonstrated fully, but it will take the time amount which removes an organic binder from a 
sintered object. 

[001 5] When the large calcinated object (for example, honeycomb catalyst support of an exhaust gas purification catalyst) of 
appearance was calcinated or the temperature gradient of a calcinated object was easy to be generated like [ such an inclination 

has large surface area like especially a honeycomb configuration, and ] the case so that the calcinated object of a thin tabular object 
may be calcinated in piles two or more sheets, it had generated notably. 



[0016] 

[Probleni(s) to be Solved by the Invention] The oxygen density in a microwave firing furnace can be stopped by making this invention 
in view of the above-mentioned actual condition, and stopping the oxygen density of the carrier gas introduced in a microwave firing 
furnace, combustion of the carbon and the carbide resulting from an organic binder can be controlled, and it is in making into a 
technical problem to offer a microwave firing fumace advantageous to shortening as a result the time amount of the cleaning process 
which removes an organic binder from a sintered object, and the microwave baking approach. 
[0017] 

[Means for Solving the Problem] The microwave firing fumace concerning this invention is a microwave firing fumace equipped with 
the fumace room in which the calcinated object which is equipped with a microwave heating means and contains an organic binder is 
held, and it is characterized by an oxygen density having carrier gas installation tubing which introduces the carrier gas which controls 
combustion of a****** binder low rather than air while it contains oxygen. 

[0018] In holding the calcinated object containing an organic binder in the fumace interior of a room of a microwave firing fumace, 
and calcinating, in the temperature region which performs combustion or removal of an organic binder at least, the microwave baking 
approach concerning this invention is characterized by an oxygen density introducing carrier gas lower than air into the fumace 
interior of a room while it contains oxygen. 

[0019] Since carrier gas contains oxygen, combustion of the carbon and carbide resulting from an organic binder is perfomied. 
However, as compared with the case where only air is used for this carrier gas as carrier gas since the oxygen density is lower than air, 
combustion of the carbon and carbide resulting from an organic binder is controlled in a cleaning process. For this reason, it controls 
that carbon and carbide bum in the sintering process which is an important process carried out afrer the cleaning process of an organic 
binder, and it is controlled that a local rapid temperature rise occurs in a calcinated object. For this reason, according to this invention, 
the temperature control in a baking process can be performed good, and the crack of a calcinated object, deformation, etc. can be 
controlled. 

[0020] That is, if the oxygen density of carrier gas is high, carbon and carbide which remain in a calcinated object will bum violently, 
and will carry out a temperature up rapidly. Then, according to this invention, the temperature gradient generated in a calcinated object 
is reduced by reducing an oxygen density, although oxygen is included in carrier gas, and controlling the combustion reaction of the 
early location of combustion among calcinated objects. 
[0021] 

[Embodiment of the Invention] According to this invention, carrier gas installation tubing introduces into a fumace room the carrier 
gas with which an oxygen density controls combustion of a****** binder lower than air, although oxygen is included. Combustion of 
the carbon and carbide resulting from an organic binder can be controlled conveying the evapotranspiration component of the organic 
binder generated from the calcinated object by this etc. out of a fumace. Therefore, according to this invention, the gestalt in which a 
gas supply means to supply the carrier gas which an oxygen density is lower than air and controls combustion ofa****** binder to 
carrier gas installation tubing is formed is employable. A gas supply means can have a supply means by which an oxygen density 
supplies low gas (argon gas or nitrogen gas, nitrogen enrichment gas) to carrier gas installation tubing, excluding an oxygen containing 
gas supply means to supply oxygen containing gas, such as air, to carrier gas installation tubing, and oxygen. 
[0022] According to this invention, die gestalt with which a heating means to heat carrier gas is formed in the temperature region 
where an organic binder is disassembled or removed at least is employable. As a heating means, especially a heating method is not 
limited but can adopt an electric heater, a burner, etc. Considering as carrier gas installation tubing and another object can also imify a 
burner. 

[0023] According to this invention, before carrier gas contacts the calcinated object of the fumace interior of a room, the gestalt in 
which a heating means to heat carrier gas is formed is employable. As a heating means, an electric heater, a burner, etc. are 
employable like the above-mentioned. Moreover, according to this invention, the gestalt which serves as the burner introduced to the 

fumace interior of a room can be used for carrier gas installation tubing, burning carrier gas. 

[0024] According to this invention, the gestalt especially set up to 2% - 1 6% can be used for the oxygen density of carrier gas 0.5 to 
16% by the volume ratio. If an oxygen density is superfluously low, combustion of carbon or carbide will be delayed. If an oxygen 
density is superfluously high, combustion of carbon or carbide will be too early and will be easy to generate the local temperature rise 
of a calcinated object. In consideration of the above-mentioned point, as an oxygen density of carrier gas, 2 - 16% is desirable at a 
volume ratio, and the oxygen density of carrier gas can be set up to 2 - 10%, 3% - 15%, and 4 - 14% if needed by the volume ratio. 
[0025] According to this invention, along with advance of a cleaning process which removes an organic binder, the oxygen density of 
carrier gas can be changed from a calcinated object. The oxygen density of carrier gas can be reduced as the cleaning process which 
removes an organic binder from a calcinated object specifically advances. In this case, when the stmcture reinforcement of a 
calcinated object is weak, the destmction-by-fire rate of carbon or carbide is delayed, and since the contraction rate of the calcinated 
object generated as a result is made late, the advantage which can aim at improvement of a safety factor to a crack or deformation is 
acquired. 

[0026] Moreover, the oxygen density of carrier gas can be made to increase as the cleaning process which removes an organic binder 
from a calcinated object advances conversely. In this case, the increment in ***• in which the thermal load to a calcinated object fell 
by reduction of the combustion component in a calcinated object, and an oxygen density is possible, this leads to improvement in a 
programming rate, and the advantage which can aim at compaction of firing time as a whole is acquired. 

[0027] According to this invention, the gestalt in which control means, such as a control valve which controls the oxygen density of 
carrier gas to adjustable, are prepared is employable. As a control means, the method which controls at least one side of the supply 
flow rates per unit time amount of a siqsply means by which an oxygen density supplies low gas (argon gas or nitrogen gas, nitrogen 
enrichment gas) to carrier gas installation tubing, excluding the supply flow rate per unit time amount of an oxygen containing gas 
supply means to supply oxygen containing gas, such as air, to carrier gas installation tubing, and oxygen is employable. Drawing 3 R> 
3 shows an example of a calcinated object, and it is the catalyst support of an exhaust gas purification catalyst, and has much pore 3x, 
and surface area is enlarged very much. In addition, a calcinated object may not be limited to catalyst support and other things are 
sufficient as it 
[0028] 

[Example] Hereafter, the example of this invention is concretely explained with reference to drawingj . Drawing 1 shows a firing 
fumace. A fumace shell 1 has heat insulator la of the stainless steel plates lb and Ic which consisted of dual structure, and the 
refractory material arranged between stainless steel plate lb of dual stmcture, and Ic, The door is prepared in the side face in which a 
firing fumace is not illustrated, and the calcinated object 3 to the fumace room 4 is replaced. The fumace room 4 as a baking room is 
formed in the center section of the fumace shell 1 . The heat insulator 2 which divides the fumace room 4 is formed by internal 
insulation with the low absorption coefficient of microwave. This heat insulator 2 is arranged on the refractory material 100 formed 



with the ingredient (porous quality of an alumina) with the low absorption coefficient of the microwave installed on In of partes 
basilahs ossis occipitalis of a furnace shell 1 . 

[0029] The diffusion fan 5 as a diffusion means is formed in space 4a between the side attachment wall of a furnace shell 1, and Ae 
fiiraace room 4. The diffusion fan's 5 shaft 6 is installed in the condition of having pierced through the furnace shell 1 . 
[0030] The waveguide 9 prolonged from the microwave transmitter 8 outside a furnace is formed in said space 4a- A waveguide 9 
irradiates microwave. In addition, microwave penetrates the heat insulator 2 with the low absorption coefficient of the microwave of 
the furnace room 4, and is irradiated by the baking object 6. 

[0031] The bad heat insulator 2 of absorption of the microwave which forms the fiimace room 4 is formed by two or more layers, and 
consists of the fireproof high quality of the materials toward the interior. As for layer 2c of the iimermost part of a heat insulator, the 
absorptivity of microwave consists of a calcinated object 3, an EQC, or refractory material beyond it (inside liner). 
[0032] On the fireproof shelf board 1 1 as a maintenance means formed in the interior of the furnace room 4, the calcinated object 3 of 
plurality or an unit is loaded. The gas exhaust 12 in a furnace which leads to the exterior of a furnace shell 1 is established in Im of 
head-lining sections of a furnace shell 1 . Two or more carrier gas installation tubing 14 which leads to the exterior of a fiimace shell 1 
is formed in In of partes basilaris ossis occipitalis of a furnace shell 1 . The tip of the carrier gas installation tubing 14 is open for free 
passage in the fiimace room 4, Control controls the heating output by the microwave which the comparison operation of measured 
value and the set point is carried out by the controller, and the output of the microwave transmitter 8 is controlled by the deflection 
signal, as a result is irradiated from a waveguide 9 based on the detection temperature from the temperature sensor of the figure 
abbreviation established in the fumace room 4 whenever [ fiimace temperature / of the fiimace room 4 ]. The microwave transmitter 8 
and a waveguide 9 constitute a microwave heating means. 

[0033] As shown in drawing 1 , the carrier gas installation tubing 14 is formed in the pars basilaris ossis occipitalis of a fiimace shell 
I. The introductory path 17 which introduces carrier gas has a supply means 19 to have the oxygen containing gas installation way 18 
which supplies oxygen containing gas, and a supply means 22 to have the inert gas installation way 21 which supplies inert gas 
(nitrogen gas, argon gas) in the carrier gas installation tubing 14. A control valve 23 is formed in the oxygen containing gas 
installation way 18, and flowmeter 18x which detect the flow rate of the oxygen containing gas (air etc.) which flows the oxygen 
containing gas installation way 18 are prepared in the lower stream of a river of a control valve 23. Although the control valve is not 
prepared in the inert gas installation way 21, flowmeter 21 x which detect the flow rate of the inert gas which flows the inert gas 
installation way 21 are prepared. 

[0034] In the introductory path 17, the oxygen containing gas (air etc.) from the oxygen containing gas installation way 18 and the 
inert gas from the inert gas installation way 2 1 joined by unification section 1 7a, were set to unification path 1 7b, and are connected to 
the carrier gas installation tubing 14. The temperature sensor 32 (carrier gas temperature detection means) which detects the 
temperature of the heater 3 1 (heating means) which heats the oxygen analyzer 30 (carrier gas oxygen density measurement means) 
which samples the oxygen density of the carrier gas which flows the middle of unification path 17b, and the carrier gas which flows 
unification path 17b, and the carrier gas which flows unification path 1 7b is formed. 

[0035] (Control of the oxygen density in carrier gas) The carrier gas which flows unification path 17b is sampled by the oxygen 
analyzer 30. Namely, as for the carrier gas which flows unification path 17b, an oxygen density is measured by the oxygen analyzer 
30. By the oxygen controller 33, the comparison operation of the set point of an oxygen density and the measured value of an oxygen 
density is carried out, and the control valve 23 of the oxygen containing gas path 18 operates based on the deflection signal. Therefore, 
a control valve 23 can function as a control means which makes the oxygen density of carrier gas adjustable. That is, when the oxygen 
density of the carrier gas which flows unification path 17b is lower than target concentration, the opening of a control valve 23 is made 
to increase and the oxygen density of the carrier gas introduced into the fumace room 4 is raised. On the other hand, when the oxygen 
density of the carrier gas which flows unification path 1 7b is higher than target concentration, the opening of a control valve 23 is 
decreased or closed, and the oxygen density of the carrier gas introduced into the fiimace room 4 is reduced. It has composition which 
maintains at constant value or a fixed region the oxygen density of tiie carrier gas blown into the fumace room 4 with the carrier gas 
installation tubing 14 by this. 

[0036] (Control of the temperature of carrier gas) A temperature sensor 32 measures the temperature signal of the carrier gas which 
flows unification path 1 7b. And a temperature controller 34 carries out the comparison operation of the measured value and the set 
point about temperature of the carrier gas which flows unification path 1 7b, and the heating output of a heater 3 1 is made to control 
through an inverter 1 6 based on the deflection signal. 

[0037] That is, when the temperature of the carrier gas which flows unification path 17b is lower than target temperature, the heating 
output at a heater 3 1 is made to increase, and the temperature of carrier gas is raised. On the other hand, when the temperature of the 
carrier gas which flows unification path 17b is higher than target temperature, it supposes [ whether the heating output of a heater 3 1 is 
reduced, and ] that it is off. and the temperature of carrier gas is reduced. This has composition which maintains at constant value or a 
fixed region the temperature of the carrier gas blown into the fumace room 4 from the carrier gas installation tubing 14. 
[0038] the same [ whenever / said fiimace temperature / which was carried out ] in the set point of a controller (not shown), and the set 
point with a temperature controller 34, when maintaining the temperature of carrier gas to the same temperature as whenever [ fumace 
temperature / of the fumace room 4 ] - or what is necessary is just to make it approximate What is necessary is to expect the amount 
of descent of the temperature of carrier gas, and just to give allowances to the set point of a temperature controller 34, when a 
temperature reduction until carrier gas reaches in the fumace room 4 is intense. 

[0039] What is necessary is for the oxygen density of carrier gas to change with the amount of the organic binder contained in the 
calcinated object 3, the magnitude of the calcinated object 3, and thermal properties of the calcinated object 3, and just to change it 
suitably according to conditions. That is, the oxygen density of carrier gas can be changed by 2% - 16% of within the limits by the 
volume ratio. 

[0040] Since carrier gas contains oxygen, according to this example, combustion of the carbon and carbide resulting from an organic 
binder is performed so that he can understand from the above explanation. However, as compared with the case where only air is used 
for this carrier gas as carrier gas since the oxygen density is lower than air, combustion of the carbon and carbide resulting from an 
organic binder is controlled in a cleaning process. That is, at a cleaning process, carbon and carbide resulting from an organic binder 
can be burned, without generating a local rapid temperature rise in the calcinated object 3. For this reason, as a result, the time amount 
of the cleariing process which removes an organic binder from the calcinated object 3 can be shortened. 

[0041] In addition, in the case of the example shown in drawing 1 , the control valve is not prepared in the inert gas installation way 
21. Although the flow rate of the oxygen containing gas per unit time amount which makes the inert gas supplied to the carrier gas 
installation tubing 14 per unit time amount regularity or a fixed region, and flows the oxygen containing gas installation way 18 is 
controlled by this example by the control valve 23, it is not restricted to this. That is, the flow rate per unit time amount of the oxygen 
containing gas which flows the oxygen containing gas installation way 18 may be made into regularity or a fixed region, the control 



valve of figure abbreviation may be prepared in the inert gas installation way 21, and the flow rate per unit time amount of the inert 
gas which flows the inert gas installation way 21 may be controlled to adjustable. 

[0042] Furthermore, when the absolute magnitude of a flow rate is important, a control valve 23 is prepared for the both sides of the 
oxygen containing gas installation way 18 and the inert gas installation way 21, and while controlling to adjustable the flow rate per 
unit time amount of the oxygen containing gas (air etc.) which flows the oxygen containing gas installation way 1 8, the flow rate per 
unit time amount of the inert gas which flows the inert gas installation way 21 may be controlled to adjustable. 
[0043] In addition, when an oxygen density uses beforehand the gas set as the desired oxygen density, control of an oxygen density 
which was described above can also be made unnecessary, and the gas by which the oxygen density was stopped can also be 
considered as control of only the oxygen containing gas installation way 18 blowing off. 

[0044] (Example of a trial) The example of a trial was performed using the microwave firing furnace shown in drawing 1 . In this 
example of a trial, the temperature which sinters the calcinated object 3 is 1400 degrees C. However, in the baking process to 700 
degrees C, since defects produced in the calcinated object 3, such as a crack and deformation, became clear, heating to 700 degrees C 
was performed in the example of an exam. 

[0045] In this example of a trial, the microwave firing furnace shown in drawing 1 was used. Layer 2c by the side of the innermost [ of 
the heat insulator which constitutes the furnace room 4 ] was taken as the ingredient which coated the coating material containing SiC 
on the surface of the heat insulator. In this example of a trial, as a calcinated object 3, the diameter used phi 103mm and, as for 130mm, 
eel pitch O.BSiTun, the cell thickness of 0.06mm, and the quality of the material, height used the honeycomb configuration object of the 
quality of a cordylite. The calcinated object 3 is ceramic catalyst support used for an exhaust gas purification catalyst. 
[0046] In this example of a trial, the oxygen density of carrier gas was variously controlled by the volume ratio by 0.5% - 16% of 
within the limits, using the mixed gas of air and nitrogen as carrier gas. Furthermore, the oxygen density of carrier gas was examined 
also about the case where 1 6% is exceeded. And the air always heated even to temperature equivalent to whenever [ furnace 
temperature ] was introduced into the furnace room 4. In this example of a trial, the temperature up even of the ordinary temperature - 
700 degree C was carried out to the linear as temperature up temperature. The test result when changing the oxygen density of carrier 
gas was as being shown in Table 1 . 
[0047] 
[Table 1] 
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[0048] As shown in Table I , when the oxygen density of carrier gas was less than 0.5 - 2% in a volume ratio, the oxygen density of 
carrier gas was less than 2 - 4%, the oxygen density of carrier gas was 4 - 6% and the oxygen density of carrier gas was 8 - 10%, also 
in any in case the oxygen density of carrier gas is 14 - 16%, the cleaning process was good. However, although the oxygen density of 
the test result of carrier gas was good at less than 2%, the carbon in the base of the calcinated object 3 will be accepted a little, time 
amount will be needed for carbonaceous removal, and the time amount of a debinder will become long. When the oxygen density of 
carrier gas exceeded 1 6%, as compared with the case where an oxygen density is 2 - 1 6%, it became close to the condition which 
shows in the example of a comparison, and remarkable effectiveness was not able to be expected. 

[0049] As shown in Table 1 , when the oxygen density of carrier gas was less than 0.5 - 2% in a volume ratio, a defect did not produce 
heating time in 8 hours, then a calcinated object. When the oxygen density of carrier gas was 2 - 4% in a volume ratio, a defect did not 
produce heating time in 4 hours, then a calcinated object. When the oxygen density of carrier gas was 4 - 6% in a volume ratio, a 
defect did not produce heating time in 3 hours, then a calcinated object. When the oxygen density of carrier gas was 8 - 10% m a 
volume ratio, a defect did not produce heating time in 4.5 hours, then a calcinated object. When the oxygen density of earner gas was 
14-1 6% in a volume ratio, a defect did not produce heating time in 6.5 hours, then a calcinated object. If the above-mentioned test 
result is taken into consideration, in order to suppress the defect of a calcinated object, attaining shortening of heating time, 2-16% 
has the desirable oxygen density of carrier gas at a volume ratio. It can be said that it is especially desirable 2 to 10%. 
[0050] In addition, in calcinating a thin tabular object in piles like an alumina substrate, there is a carrier gas oxygen density which is 
suitable with thickness (piled-up condition). When a tabular object was accumulated five sheets, as for the oxygen density of cOTier 
gas, effectiveness was most acquired at 12% - 16%. In accumulating a tabular object, the amount of binders contained in the baking 
object because thickness increases increases. Therefore, in order to stop tiie catabolic rate of too much binder, it is imagined as what 
has effective making the oxygen density of carrier gas low. In addition, when a tabular object was accumulated ten sheets, as for the 
oxygen density of carrier gas, effectiveness was most acquired at 4% - about 6%. 

[005 1 ] (Example of a comparison) Layer 2c by the side of the innenmost [ of the heat insulator which constitutes the furnace room 4 ] 
coated the coating material containing SiC with the example of a comparison on the surface of the heat insulator using the microwave 
firing furnace shown in drawing 1 . Furthermore, in the example of a comparison, as carrier gas, it considered as air (volume ratio 
oxygen density : about 2 1 %), and the air always heated even to temperature equivalent to whenever [ furnace temperature ] was 
introduced into the furnace. It was presupposed that it is the same as that of the above-mentioned example of a trial as a calcinated 



object 3. it was presupposed that it is the same as that of the example of a trial which also described the programming rate above. As 
firing time, firing time was shortened one by one fi-om 1 5 hours. 

[0052] As a test result of the example of a comparison, as shown in Table 2, in a cleaning process, heating time is 0% in 1 5 hours and 
12 hours, and neither the crack of a calcinated object nor deformation generated the crack incidence rate. However, in the example of a 
comparison, when heating time became shorter than 12 hours, the small crack occurred on the top face or inferior surface of tongue of 
honeycomb support. For example, heating time increased the crack incidence rate with 2% in 10 hours, and the small crack had 
occurred on the top face or inferior surface of tongue of honeycomb support. 

[0053] Long duration could be sharply shortened, aldiough the organic binder was heat-treated in the former so that he could 
understand fix>m the above explanation. 

[0054] In addition, even if it always does not make regularity the oxygen density in the cleaning process which removes an organic 
binder, it can also be changed to the optimal oxygen density one by one according to the property of an organic binder. 
[0055] 
[Table 2] 
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[0056] (in addition to this) Although the heater 3 1 of an electric type was used as a heating means to heat carrier gas, in the example 
shown in drawing 1 , it is not restricted to this and the method burned by the burner may be used. 

[0057] The example shown in drawing 2 is the same configuration as fundamentally as the above mentioned example. Also in this 
example, the introductory path which introduces carrier gas to the carrier gas installation tubing 14 has a supply means 19 to have the 
oxygen containing gas installation way 1 8 which supplies oxygen containing gas (air etc.), a supply means 22 to have the inert gas 
installation way 21 which supplies inert gas (nitrogen gas, argon gas), and a supply means 5 1 have the fuel gas installation way 50 
which supplies fuel gas (for example, LPG gas). 

[0058] Fuel gas may not be limited to LPG gas and other fuel gas is sufficient as it. The control valve 52 for closing motion formed 
with the solenoid valve and the zero gas governor 53 are formed in the fuel gas installation way 50. 

[0059] The control valve 23 which changes the flow rate of the oxygen containing gas per unit time amount (for example, oxygen 
content gas, air) into adjustable is formed in the oxygen containing gas installation way 1 8. Flowmeter 18x which detecf the flow rate 
of the oxygen containing gas which flows the oxygen containing gas installation way 1 8 are prepared in the lower stream of a river of 
a control valve 23. 

[0060] The control valve 24 which changes the flow rate of the inert gas per unit time amount into adjustable is formed in the inert gas 
installation way 21 as a control means. 

[0061] According to this example, as shown in drawing 2 , the burner is united with the carrier gas installation tubing 14 as a heating 
means to heat carrier gas. 

[0062] \X is mixed with a mixer 4 1 and the oxygen containing gas which flows the oxygen containing gas installation way 1 8, and the 
fiiel gas of the fuel gas installation way 50 serve as the mixture of gas. The mixture of gas bums in the burner part of the carrier gas 
installation tubing 14 toward the carrier gas installation tubing 14 which serves as a burner. The inert gas of the inert gas installation 
way 21 is introduced into the carrier gas installation tubing 14 which serves as a burner, and is supplied to the furnace room 4 as 
carrier gas from the tip of the carrier gas installation tubing 14 with the combustion flame or combustion gas which burned. 
[0063] As shown in drawing 2 , in order to suppress that microwave advances into the carrier gas installation tubing 14, the electric 
shielding network 101 formed with the metal network which has thermal resistance is formed in the carrier gas installation tubing 14. 
Furthermore, the temperature sensor 60 which measures the temperature of carrier gas is formed in the carrier gas installation tubing 
14. The temperature of the carrier gas which blows off in the furnace room 4 is detected by the temperature sensor 60, and the 
detection signal is inputted into the carrier gas temperature controller 61. The carrier gas temperature controller 61 controls a control 
valve 23, and adjusts the above-mentioned air content of the mixture of gas. 

[0064] The sampling tubing 63 which samples the carrier gas which blows off from the tip of the carrier gas installation tubing 14 in 
the furnace room 4 is formed near the tip of the carrier gas installation tubing 14. The oxygen density of the carrier gas sampled with 
the sampling tubing 63 is measured by the oxygen analyzer 30. When the oxygen density of the carrier gas which blows off from the 
tip of the carrier gas installation tubing 14 is lower than the set point, the carrier gas oxygen controller 66 controls a control valve 24 to 
decrease whether the opening of the control valve 24 of the inert gas installation way 21 is closed, and reduces relatively the flow rate 
per unit time amount of the inert gas supplied to the carrier gas installation tubing 14, with raises the oxygen density of carrier gas 
relatively, and brings it close to the set point of an oxygen density. 

[0065] On the other hand, when the oxygen density of the carrier gas measured by the oxygen analyzer 30 is higher than the set point, 
the carrier gas oxygen controller 66 controls a control valve 24 to make the opening of the control valve 24 of the inert gas installation 
way 21 increase, and makes the flow rate per unit time amount of the inert gas sent to the carrier gas installation tubing 14 increase 
relatively, with lowers the oxygen density of carrier gas relatively, and brings it close to the set point of an oxygen density. 
[0066] As shown in drawing 2 , the gas-temperature sensor 68 in a furnace which measures the temperature of the gas in a fiimace of 
tiie furnace room 4 is formed. The signal measured by the gas-temperature sensor 68 in a furnace is inputted into the firing furnace 
temperature controller 69, and the firing furnace temperature controller 69 maintains the gas temperature in a furnace in a fixed region. 



[0067] The same operation effectiveness as the example described above also in this example is acquired, and since the carrier gas 
which blows off from the carrier gas installation tubing 14 contains oxygen, combustion of the carbon and carbide resulting from an 
organic binder is performed. However, as compared with the case where only air is used for this carrier gas as carrier gas since the 
oxygen density is lower than air, combustion of the carbon and carbide resulting from an organic binder is controlled For this reason, 
in the sintering process which is an important process carried out after the cleaning process which degreases an organic binder, it is 
controlled that carbon and carbide bum and it is controlled that a local rapid temperature rise occurs in a calcinated object. 
[0068] Since carbon and carbide resulting from an organic binder are burned wi^out generating a local rapid temperature rise in the 
calcinated object 3 also in this example as described above, the time amount of the cleaning process which removes an organic binder 
from a calcinated object can be shortened as a result 

[0069] In addition, this invention equipment and this invention approach are not limited only to the above-mentioned example, within 

limits which do not deviate from a summary, are changed suitably and can be enforced. 

[0070] 

[Effect of the Invention] As explained above, the oxygen density in a microwave firing furnace can be stopped by stopping the oxygen 
density of the carrier gas introduced in a microwave firing furnace according to this invention, and the early combustion of carbon or 
carbide resulting from an organic binder can be controlled. Therefore, it is advantageous to reducing the temperature gradient in a 
calcinated object. Thus, since the temperature gradient in a calcinated object can be reduced, the time amount which removes an 
organic binder from a calcinated object can be shortened as a result 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the microwave firing furnace concerning an example. 
[Drawing 2] It is the block diagram showing the microwave firing furnace conceming other examples. 
[Drawing 3] It is the perspective view showing the example of a calcinated object. 
[Description of Notations] 

the inside of drawing, and 1 ~ a furnace shell and 2 — a heat insulator and 3 — a calcinated object and 4 — a furnace room and 5 — a 
diffusion fan and 8 - a microwave transmitter and 9 -- a waveguide and 14 - carrier gas installation tubing and 17 - an introductory 
path and 1 8 ~ in an oxygen containing gas installation way and 23, an oxygen analyzer and 3 1 show a heater (heating means), and, as 
for a control valve (control means) and 21, 50 shows a fuel gas installation way, as for an inert gas installation way and 30. 
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